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(57) ABSTRACT

The present invention relates to an analog to digital converter.
The analog to digital converter includes comparing modules
at multi levels, where a comparing module at each level
includes a comparator and a metastable state determining
unit. The comparator is configured to, when a previous-level
comparing module is not in a metastable state, receive a first
clock, a first input signal, and a second input signal, and
compare the first input signal with the second input signal.
The metastable state determining unit is configured to, when
the previous-level comparing module is not in a metastable
state, receive the first clock, generate a reference clock
according to the first clock, and if a second clock that is output
by the comparator is later than the reference clock, determine
that the current-level comparing module is in a metastable
state.
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1
ANALOG TO DIGITAL CONVERTER

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Chinese Patent Appli-
cation No. 201410041918.0, filed on Jan. 28, 2014, which is
hereby incorporated by reference in its entirety.

TECHNICAL FIELD

The present invention relates to an analog to digital con-
verter.

BACKGROUND

As the technology evolves, a speed of a comparator
becomes increasingly high, and power consumption of a
comparator is dynamic; therefore, an analog to digital con-
verter that is based on a comparator structure becomes
increasingly advantageous.

However, a comparator features metastability. When two
extremely similar signals are input to the comparator, due to
a limited amplification multiple of the comparator, the com-
parator cannot distinguish electrical levels of the two input
signals for a long time, and therefore outputs an intermediate
electrical level. In this case, a metastable state occurs. Once a
metastable state occurs on a comparator, an analog to digital
converter that is based on a comparator structure may become
invalid or deteriorate in performance, and cannot operate
normally.

SUMMARY

In view of'this, the present invention provides an analog to
digital converter. The analog to digital converter can still
operate normally when a metastable state occurs on a com-
parator in the analog to digital converter.

According to a first aspect, an embodiment of the present
invention provides an analog to digital converter, where the
analog to digital converter includes comparing modules at
multi levels, where a comparing module at each level includes
a comparator and a metastable state determining unit, where
the comparator is configured to, when a previous-level com-
paring module is not in a metastable state, receive a first clock,
afirstinput signal, and a second input signal, and compare the
first input signal with the second input signal; the metastable
state determining unit is configured to, when the previous-
level comparing module is not in a metastable state, receive
the first clock, generate a reference clock according to the first
clock, and if a second clock output by the comparator is later
than the reference clock, determine that the comparator is in
a metastable state, thereby determining that a current-level
comparing module is in a metastable state; the metastable
state determining unit is further configured to, when the pre-
vious-level comparing module is in a metastable state, deter-
mine that the current-level comparing module is in a meta-
stable state, where the second clock is a clock obtained by
delaying the first clock, and delay time from the first clock to
the second clock is proportional to time of comparing, by the
comparator, the first input signal with the second input signal;
and the comparator is further configured to output a first
electrical level when the previous-level comparing module is
not in a metastable state and the current-level comparing
module is in a metastable state, output a second electrical
level when the previous-level comparing module is in a meta-
stable state and the current-level comparing module is in a
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metastable state, and output a comparison result of the first
input signal and the second input signal when the previous-
level comparing module is not in a metastable state and the
current-level comparing module is not in a metastable state,
where the first electrical level and the second electrical level
are mutually reverse electrical levels.

In a first possible implementation manner of the first
aspect, the comparator includes a comparing circuit, a first
multiplexer, a second multiplexer, and a third multiplexer,
where a first input end of the comparing circuit receives the
first input signal, a second input end of the comparing circuit
is used to receive the second input signal, a third input end of
the comparing circuit is connected to an output end of the first
multiplexer, a selection end of the first multiplexer is used to
receive a metastable state flag that is output by the previous-
level comparing module, a first input end of the first multi-
plexer is used to receive the first clock, and a second input end
of'the first multiplexer is connected to a low electrical level; a
first output end of the comparing circuit is connected to a first
input end of the second multiplexer, a selection end of the
second multiplexer is used to receive a metastable state flag
that is output by the metastable state determining unit; a
second input end of the second multiplexer is connected to an
output end of the third multiplexer, an output end of the
second multiplexer is used to output the comparison result of
the first input signal and the second input signal, or the first
electrical level, or the second electrical level, a selection end
of'the third multiplexer is used to receive the metastable state
flag that is output by the previous-level comparing module, a
first input end of the third multiplexer is connected to a high
electrical level, and a second input end of the third multi-
plexer is connected to the low electrical level; a second output
end of the comparing circuit is used to output the second
clock; the metastable state determining unit includes a refer-
ence clock generating circuit, a D flip-flop, a first AND gate,
a second AND gate, a third AND gate, a first OR gate, and a
second OR gate, where the reference clock generating circuit
is used to generate the reference clock according to the first
clock; a first input end of the reference clock generating
circuit is connected to an output end of the first AND gate, a
first input end of the first AND gate is connected to the output
end of the first multiplexer, and a second input end of the first
AND gate is used to receive an enable signal of the reference
clock generating circuit; an output end of the reference clock
generating circuit is connected to a first input end of the first
OR gate, a second input end of the first OR gate is connected
to the second output end of the comparing circuit, a third input
end of the first OR gate is connected to an output end of the
second AND gate, a first input end of the second AND gate is
used to receive the first clock, and a second input end of the
second AND gate is used to receive the metastable state flag
that is output by the previous-level comparing module; and an
output end of the first OR gate is connected to a clock input
end of the D flip-flop, a signal input end of the D flip-flop is
connected to a second output end of the comparator, an invert-
ing output end of the D flip-flop is connected to a first input
end of the second OR gate, a second input end of the second
OR gate is used to receive the metastable state flag that is
output by the previous-level comparing module, an output
end of the second OR gate is connected to a first input end of
the third AND gate, a second input end of the third AND gate
is used to receive the enable signal of the reference clock
generating circuit, and an output end of the third AND gate is
used to output the metastable state flag that is output by the
current-level comparing module.

With reference to the first possible implementation manner
of'the first aspect, in a second possible implementation man-
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ner, the comparing circuit includes a first N-metal-oxide-
semiconductor (NMOS) transistor, a second NMOS transis-
tor, a third NMOS transistor, a first P-metal-oxide-
semiconductor (PMOS) transistor, a second PMOS transistor,
afirst capacitor, a second capacitor, a NAND gate, a latch, and
apreamplifier, where a source of the first NMOS transistor is
connected to a power supply, a drain of the first NMOS
transistor is connected to a connection point of a source of the
second NMOS transistor and a source of the third NMOS
transistor, a drain of'the second NMOS transistor is connected
to a drain of the first PMOS transistor, a source of the first
PMOS transistor is grounded, the drain of the second NMOS
transistor is further connected to a first end of the first capaci-
tor, a second end of the first capacitor is grounded, a drain of
the third NMOS transistor is connected to a drain of the
second PMOS transistor, a source of the second PMOS tran-
sistor is grounded, the drain of the third NMOS transistor is
further connected to a first end of the second capacitor, a
second end of the second capacitor is grounded, the first end
of'the first capacitor is further connected to a first input end of
the preamplifier, the first end of the second capacitor is further
connected to a second input end of the preamplifier, the first
output end of the preamplifier is connected to a first input end
of the latch, a second output end of the preamplifier is con-
nected to a second input end of the latch, a first output end of
the latch is connected to a first input end of the NAND gate,
and a second output end of the latch is connected to a second
input end of the NAND gate; a gate of the second NMOS
transistor is the first input end of the comparing circuit; a gate
of the third NMOS transistor is the second input end of the
comparing circuit; a gate of the first NMOS transistor, and a
connection of a gate of the first PMOS transistor and a gate of
the second PMOS transistor are third input ends of the com-
paring circuit; the first output end or the second output end of
the latch is the first output end of the comparing circuit; and an
output end of the NAND gate is the second output end of the
comparing circuit.

With reference to the first possible implementation manner
of'the first aspect, in a third possible implementation manner,
the reference clock generating circuit includes an NMOS
transistor, a PMOS transistor, a capacitor, and a phase
inverter, where a source of the NMOS transistor is connected
to a power supply, a drain of the NMOS transistor is con-
nected to a drain of the PMOS transistor, a source of the
PMOS transistor is grounded, the drain of the NMOS tran-
sistor is further connected to a first end of the capacitor, a
second end of the capacitor is grounded, and the drain of the
NMOS transistor is further connected to an input end of the
phase inverter; a connection point of a gate of the NMOS
transistor and a gate of the PMOS transistor is the first input
end of the reference clock generating circuit; and an output
end of the phase inverter is the output end of the reference
clock generating circuit.

With reference to the first possible implementation manner
of the first aspect, in a fourth possible implementation man-
ner, a second input end of the reference clock generating
circuit is used to receive the first input signal, and a third input
end of the reference clock generating circuit is used to receive
the second input signal; and the reference clock generating
circuit includes a first NMOS transistor, a second NMOS
transistor, a third NMOS transistor, a PMOS transistor, a
capacitor, and a phase inverter, where a source of the first
NMOS transistor is connected to a power supply, a drain of
the first NMOS transistor is connected to a connection point
of'asource of the second NMOS transistor and a source of the
third NMOS transistor, a connection point of a drain of the
second NMOS transistor and a drain of the third NMOS
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transistor is connected to a drain of the PMOS transistor, a
source of the PMOS transistor is grounded, the drain of the
PMOS transistor is further connected to a first end of the
capacitor, a second end of the capacitor is grounded, and the
drain of the PMOS transistor is further connected to an input
end of the phase inverter; a connection point of a gate of the
first NMOS transistor and a gate of the PMOS transistor is the
first input end of'the reference clock generating circuit; a gate
of'the second NMOS transistor is the second input end of the
reference clock generating circuit; a gate of the third NMOS
transistor is the third input end of the reference clock gener-
ating circuit; and an output end of the phase inverter is the
output end of the reference clock generating circuit.

With reference to the first possible implementation man-
ner, in a fifth possible implementation manner, the metastable
state determining unit further includes a bypassing-delay cir-
cuit; where the bypassing-delay circuit is connected in series
between the output end of the second AND gate and the third
input end of the first OR gate.

With reference to the fifth possible implementation manner
of'the first aspect, in a sixth possible implementation manner,
the bypassing-delay circuit includes an NMOS transistor, a
PMOS transistor, a capacitor, and a phase inverter, where a
source of the NMOS transistor is connected to a power sup-
ply, a drain of the NMOS transistor is connected to a drain of
the PMOS transistor, a source of the PMOS transistor is
grounded, the drain of the NMOS transistor is further con-
nected to a first end of the capacitor, a second end of the
capacitor is grounded, and the drain of the NMOS transistor is
further connected to an input end of the phase inverter; a
connection point of a gate of the first NMOS transistor and a
gate of the PMOS transistor is a first input end of the bypass-
ing-delay circuit; and an output end of the phase inverter is an
output end of the bypassing-delay circuit.

By using the foregoing solution, when a metastable state
occurs on a comparator at the N level, the comparator at the
N7 level is forced to output 1 or 0. When the comparator at the
N* level outputs 1, all comparators at levels following the N
level are forced to output 0; and when the comparator at the
N* level outputs 0, all comparators at the levels following the
N* level are forced to output 1, so that an analog to digital
converter outputs 1000 . . . or 0111 . . ., starting from the
comparator at the N level, thereby ensuring that the analog
to digital converter can still operate normally when a meta-
stable state occurs on a comparator in the analog to digital
converter.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic structural diagram of a comparing
module in an analog to digital converter according to an
embodiment of the present invention;

FIG. 2 is another schematic structural diagram of a com-
paring module in an analog to digital converter according to
an embodiment of the present invention;

FIG. 3 is a schematic structural diagram of a comparing
circuit according to an embodiment of the present invention;

FIG. 4 is a schematic structural diagram of a reference
clock generating circuit according to an embodiment of the
present invention;

FIG. 5 is still another schematic structural diagram of a
comparing module in an analog to digital converter according
to an embodiment of the present invention;

FIG. 6 is a schematic structural diagram of another refer-
ence clock generating circuit according to an embodiment of
the present invention;



US 9,106,248 B1

5

FIG. 7 is yet another schematic structural diagram of a
comparing module in an analog to digital converter according
to an embodiment of the present invention; and

FIG. 8 is a schematic structural diagram of a bypassing-
delay circuit according to an embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS

To make the objectives, technical solutions, and advan-
tages of the present invention clearer, the following further
describes the present invention in detail with reference to the
accompanying drawings. The described embodiments are
merely a part rather than all of the embodiments ofthe present
invention. All other embodiments obtained by a person of
ordinary skill in the art based on the embodiments of the
present invention without creative efforts shall fall within the
protection scope of the present invention.

An embodiment of the present invention provides an ana-
log to digital converter, where the analog to digital converter
includes comparing modules at multi levels, and a comparing
module at each level has a same structure. As shown in FIG.
1, FIG. 1 is a schematic structural diagram of a comparing
module in an analog to digital converter according to an
embodiment of the present invention.

The comparing module includes a comparator 11 and a
metastable state determining unit 12.

The comparator 11 is configured to, when a previous-level
comparing module is not in a metastable state, receive a first
clock Ck(N), a first input signal Input(N)+, and a second input
signal Input(N)-, and compare the first input signal Input
(N)+ with the second input signal Input(N)-.

The metastable state determining unit 12 is configured to,
when the previous-level comparing module is not in a meta-
stable state, receive the first clock Ck(N), generate a reference
clock Ck_ MD(N+1) according to the first clock Ck(N), and if
a second clock Ck_C(N+1) output by the comparator 11 is
later than the reference clock Ck_ MD(N+1), determine that
the comparator 11 is in a metastable state, thereby determin-
ing that a current-level comparing module is in a metastable
state.

The metastable state determining unit 12 is further config-
ured to, when the previous-level comparing module is in a
metastable state, determine that the current-level comparing
module is in a metastable state.

The second clock Ck_C(N+1)1is a clock after the first clock
Ck(N) is delayed, and delay time from the first clock Ck(N)to
the second clock Ck_C(N+1) is proportional to time of com-
paring, by the comparator 11, the first input signal Input(N)+
with the second input signal Input(N)-.

The comparator 11 is further configured to output a first
electrical level when the previous-level comparing module is
not in a metastable state and the current-level comparing
module is in a metastable state, output a second electrical
level when the previous-level comparing module is in a meta-
stable state and the current-level comparing module is in a
metastable state, and output a comparison result Output(N) of
the first input signal Input(N)+ and the second input signal
Input(N)- when the previous-level comparing module is not
in a metastable state and the current-level comparing module
is not in a metastable state.

The first electrical level and the second electrical level are
mutually reverse electrical levels, that is, when the first elec-
trical level is a high electrical level, the second electrical level
is a low electrical level; and when the first electrical level is a
low electrical level, the second electrical level is a high elec-
trical level.
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Specifically, because time of comparing, by the compara-
tor, two input signals is inversely proportional to a difference
between sizes of the two input signals, that is, a smaller
difference between the sizes of the two input signals indicates
longer time of comparing, when a difference between sizes of
two given input signals cannot be determined by comparison
within specified time, it is considered that a metastable state
occurs on the comparator. In addition, in an analog to digital
converter, when a difference between sizes of two input sig-
nals is very small, that is, when the difference is less than a
least significant bit (LSB), a quantized value of a comparison
result of the two input signal is either 10000 .. .0or 01111 ...
, and the two results only differ by one L.SB; therefore, impact
on performance is also only one LSB to the maximum, which
is generally acceptable for application of an analog to digital
converter. According to a precision requirement of an analog
to digital converter, it may be obtained that a minimum dif-
ference, which can be identified by a comparator at the N
level, between the sizes of the two input signals is Vemin_N,
and time required for the comparator to identity the minimum
difference between the sizes of the two input signals is
Temax_N. When the time required for the comparator to
compare the two input signals is greater than Tcmax_N, it
may be determined that the difference between the sizes of the
two input signals is smaller than Vemin_N of the comparator.
Therefore, the metastable state determining unit 12 deter-
mines, according to the reference clock Ck_ MD(N+1) gen-
erated by the first clock Ck(N), whether the time required for
the comparator 11 to compare the difference between the
sizes of the two input signals is greater than Tcmax_N, where
delay time from the first clock Ck(N) to the reference clock
Ck_MD(N+1) is not less than Tcmax_N. If the second clock
Ck_C(N+1) output by the comparator 11 is later than the
reference clock Ck_MD(N+1), it indicates that the time
required for the comparator 11 to compare the difference
between the sizes of the two input signals is greater than
Temax_N, and then it is determined that the comparator 11 is
in a metastable state, thereby determining that the current-
level comparing module is in a metastable state.

In this case, as long as it is satisfied that a quantized output
of'the current-level comparator 11 is 1 and quantized outputs
of all comparators at subsequent levels are 0, or a quantized
output of the current-level comparator 11 is 0 and quantized
outputs of all comparators at subsequent levels are 1, impact
on overall performance of the analog to digital converter is
performance loss of only one LSB precision to the maximum.
Although precision of the analog to digital converter is
slightly affected, it can be ensured that the analog to digital
converter can still operate normally when a metastable state
occurs on a comparator.

Further, to implement the foregoing functions, a specific
structure of the comparator 11 and the metastable state deter-
mining unit 12 is shown in FIG. 2. F1G. 2 is another schematic
structural diagram of a comparing module in an analog to
digital converter according to an embodiment of the present
invention.

The comparator 11 includes a comparing circuit 111, a first
multiplexer MUX1, a second multiplexer MUX2, and a third
multiplexer MUX3.

A first input end of the comparing circuit 111 receives the
first input signal Input(N)+, a second input end of the com-
paring circuit 111 is used to receive the second input signal
Input(N)-, a third input end of the comparing circuit 111 is
connected to an output end of the first multiplexer MUX1, a
selection end of the first multiplexer MUX1 is used to receive
a metastable state flag Metastab_flag(N-1) that is output by
the previous-level comparing module, a first input end of the
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first multiplexer MUX1 is used to receive the first clock
Ck(N), and a second input end of the first multiplexer MUX1
is connected to a low electrical level; a first output end of the
comparing circuit 111 is connected to a first input end of the
second multiplexer MUX2, a selection end of the second
multiplexer MUX2 is used to receive a metastable state flag
Metastab_flag(N) that is output by the metastable state deter-
mining unit 12, a second input end of the second multiplexer
MUX2 is connected to an output end of the third multiplexer
MUX3, an output end of the second multiplexer MUX2 is
used to output the comparison result Output(N) of the first
input signal Input(N)+ and the second input signal Input(N)-,
or the first electrical level, or the second electrical level, a
selection end of the third multiplexer MUX3 is used to receive
the metastable state flag Metastab_flag(N-1) that is output by
the previous-level comparing module, a first input end of the
third multiplexer MUX3 is connected to a high electrical
level, and a second input end of the third multiplexer MUX3
is connected to the low electrical level; and a second output
end of the comparing circuit 111 is used to output the second
clock Ck_C(N+1).

The metastable state determining unit 12 includes a refer-
ence clock generating circuit 121, a D flip-flop 122, a first
AND gate AND1, a second AND gate AND2, a third AND
gate AND3, a first OR gate OR1, and a second OR gate OR2.

The reference clock generating circuit 121 is used to gen-
erate a reference clock according to the first clock Ck(N); a
first input end of the reference clock generating circuit 121 is
connected to an output end of the first AND gate ANDI1, a first
input end of the first AND gate AND1 is connected to the
output end of the first multiplexer MUX1, and a second input
end of the first AND gate ANDI1 is used to receive an enable
signal Metastabdetect_EN of the reference clock generating
circuit 121; an output end of the reference clock generating
circuit 121 is connected to a first input end of the first OR gate
OR1, asecond input end of the first OR gate OR1 is connected
to the second output end of the comparing circuit 111, a third
input end of the first OR gate OR1 is connected to an output
end of the second AND gate AND2, a first input end of the
second AND gate AND?2 is used to receive the first clock
Ck(N), and a second input end of the second AND gate AND2
is used to receive the metastable state flag Metastab_flag(N-
1) thatis output by the previous-level comparing module; and
an output end of'the first OR gate OR1 is connected to a clock
input end of the D flip-flop 122, a signal input end of the D
flip-flop 122 is connected to the second output end of the
comparing circuit 111, an inverting output end of the D flip-
flop 122 is connected to afirst input end of the second OR gate
OR2, a second input end of the second OR gate OR2 is used
to receive the metastable state flag Metastab_flag(N-1) that is
output by the previous-level comparing module, an output
end of the second OR gate OR2 is connected to a first input
end of the third AND gate AND3, a second input end of the
third AND gate AND3 is used to receive the enable signal
Metastabdetect_EN of the reference clock generating circuit
121, and an output end of the third AND gate AND?3 is used to
output the metastable state flag Metastab_flag(N) that is out-
put by the current-level comparing module.

It can be known from the comparing module shown in FIG.
2 that, in a case in which a metastable state detection function
is enabled, that is, Metastabdetect_EN=1, if a metastable
state occurs on a comparator at a previous level, that is,
Metastab_flag(N-1)=1, then Metastab_flag(N)=1. In this
case, data output by the comparator Dout(N)=1. If no meta-
stable state occurs on any comparator at a previous level, that
is, Metastab_flag(N-1)=0, when arising edge of CK_C(N+1)
arrives earlier than that of CK_MD(N+1), Metastab_flag(N)
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is 0, where Dout(N) is Output(N) generated by a comparator;
when the rising edge of CK_C(N+1) arrives later than that of
CK_MD(N+1), Metastab_flag(N) is 1, where Dout(N)=0.

It may be understood that this embodiment of the present
invention uses only an example in which an analog to digital
converter includes the comparing module shown in FIG. 2.
The first input end and the second input end of the third
multiplexer MUX3 in the comparing module shown in FIG. 2
are interchangeable, that is, the first input end of the third
multiplexer MUX3 is connected to a low electrical level, and
the second input end of the third multiplexer MUX3 is con-
nected to a high electrical level. That is, in a case in which the
analog to digital converter includes the comparing module
shown in FIG. 2, when a metastable state occurs on the
comparator at the N level, the analog to digital converter
outputs 1000 . . ., starting from the comparator at the N
level; and in a case in which the first input end and the second
input end of the third multiplexer MUX3 in the comparing
module, shown in FIG. 2, of the analog to digital converter are
interchanged, when a metastable state occurs on the compara-
tor at the N* level, the analog to digital converter outputs
0111 . . ., starting from the comparator at the N level.

Optionally, as shown in FIG. 3, the comparing circuit 111
includes a first NMOS transistor M_C0, a second NMOS
transistor M_C1, a third NMOS transistor M_C2, a first
PMOS transistor M_C3, a second PMOS transistor M_C4, a
first capacitor C_C0, a second capacitor C_C1, a NAND gate
NAND, a latch 1111, and a preamplifier 1112.

A source of the first NMOS transistor M_C0 is connected
to a power supply, a drain of the first NMOS transistor M_C0
is connected to a connection point of a source of the second
NMOS transistor M_C1 and a source of the third NMOS
transistor M_C2, a drain of the second NMOS transistor
M_C1 is connected to a drain of the first PMOS transistor
M_C3, a source of the first PMOS transistor M_C3 is
grounded, the drain of the second NMOS transistor M_C1 is
further connected to a first end of the first capacitor C_C0, a
second end of the first capacitor C_C0 is grounded, a drain of
the third NMOS transistor M_C2 is connected to a drain of the
second PMOS transistor M_C4, a source of the second PMOS
transistor M_C4 is grounded, the drain of the third NMOS
transistor M_C2 is further connected to a first end of the
second capacitor C_C1, a second end of the second capacitor
C_C1 is grounded, the first end of the first capacitor C_C0 is
further connected to a first input end of the preamplifier 1112,
the first end of the second capacitor C_C1 is further connected
to a second input end of the preamplifier 1112, a first output
end of the preamplifier 1112 is connected to a first input end
of the latch 1111, a second output end of the preamplifier
1112 is connected to a second input end of the latch 1111, a
first output end of the latch 1111 is connected to a first input
end of the NAND gate NAND, and a second output end of the
latch 1111 is connected to a second input end of the NAND
gate NAND; a gate of the second NMOS transistor M_C1 is
the first input end of the comparing circuit 111; a gate of the
third NMOS transistor M_C2 is the second input end of the
comparing circuit 111; a gate of the first NMOS transistor
M_C0, and a connection point of a gate of the first PMOS
transistor M_C3, and a gate of the second PMOS transistor
M_C4 is third input ends of the comparing circuit 111; the
first output end or the second output end of the latch 1111 is
the first output end of the comparing circuit 111; and an
output end of the NAND gate NAND is the second output end
of the comparing circuit 111.

The first capacitor C_CO0 and the second capacitor C_C1
are adjustable capacitors.
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Optionally, as shown in FIG. 4, the reference clock gener-
ating circuit 121 includes an NMOS transistor M_MDO, a
PMOS transistor M_MD1, a capacitor C_MDO, and a phase
inverter INVO0.

A source of the NMOS transistor M_MD0 is connected to
a power supply, a drain of the NMOS transistor M_MDO is
connected to a drain of the PMOS transistor M_MD1, a
source of the PMOS transistor M_MD 1 is grounded, the
drain of the NMOS transistor M_MDO is further connected to
a first end of the capacitor C_MDO, a second end of the
capacitor C_MDO is grounded, and the drain of the NMOS
transistor M_MDJ is further connected to an input end of the
phase inverter INV0; a connection point of a gate of the
NMOS transistor M_MD0 and a gate of the PMOS transistor
M_MD1 is the first input end of the reference clock generat-
ing circuit 121; and an output end of the phase inverter INV0
is an output end of the reference clock generating circuit 121.

The capacitor C_MDO0 is an adjustable capacitor, and delay
time of a reference clock generated by the reference clock
generating circuit 121 may be adjusted by adjusting a mag-
nitude of the capacitor C_MD0.

In addition, a preamplifier may be connected in series
between the capacitor C_MDO0 and the phase inverter INVO0.

Optionally, as shown in FIG. 5, the reference clock gener-
ating circuit 121 may further have a second input end and a
third input end. The second input end of the reference clock
generating circuit 121 is used to receive the first input signal
Input(N)+; and the third input end of the reference clock
generating circuit is used to receive the second input signal
Input(N)-.

Correspondingly, as shown in FIG. 6 which is correspond-
ing to FIG. 4, the reference clock generating circuit 121
includes a first NMOS transistor M_MD?2, a second NMOS
transistor M_MD3, a third NMOS transistor M_MD4, a
PMOS transistor M_MDS5, a capacitor C_MDI1, and a phase
inverter INV1.

A source of the first NMOS transistor M_MD?2 is con-
nected to a power supply, a drain of the first NMOS transistor
M_MD2 is connected to a connection point of a source of the
second NMOS transistor M_MD3 and a source of the third
NMOS transistor M_MD4, a connection point of a drain of
the second NMOS transistor M_MD3 and a drain of the third
NMOS transistor M_MD4 is connected to a drain of the
PMOS transistor M_MD35, a source of the PMOS transistor
M_MDS5 is grounded, the drain of the PMOS transistor
M_MDS is further connected to a first end of the capacitor
C_MD1, a second end of the capacitor C_MD1 is grounded,
and the drain of the PMOS transistor M_MDS5 is further
connected to an input end of the phase inverter INV1; a
connection point of a gate of the first NMOS transistor
M_MD2 and a gate of the PMOS transistor M_MDS is the
first input end of the reference clock generating circuit 121; a
gate of the second NMOS transistor M_MD3 is the second
input end of the reference clock generating circuit 121; a gate
of'the third NMOS transistor M_MDA4 is the third input end of
the reference clock generating circuit 121; and an output end
of the phase inverter INV1 is an output end of the reference
clock generating circuit 121.

The capacitor C_MD 1 is an adjustable capacitor, and the
delay time of the reference clock generated by the reference
clock generating circuit 121 may be adjusted by adjusting a
magnitude of the capacitor C_MD 1.

In addition, a preamplifier may be connected in series
between the capacitor C_MD1 and the phase inverter INV1.

Optionally, as shown in FIG. 7, the metastable state deter-
mining unit 12 may further include a delay circuit 123 for
bypassing, where the delay circuit 123 for bypassing is con-
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10
nected in series between the output end of the second AND
gate AND2 and the third input end of the first OR gate OR1.
As shown in FIG. 8, the delay circuit 123 for bypassing 123
includes an NMOS transistor M_BD0, a PMOS transistor
M_BD1, a capacitor C_BD0, and a phase inverter INV2.
A source of the NMOS transistor M_BDO is connected to
a power supply, a drain of the NMOS transistor M_BDO is
connected to a drain of the PMOS transistor M_BD1, a source
of'the PMOS transistor M_BD1 is grounded, the drain of the
NMOS transistor M_BDO is further connected to a first end of
the capacitor C_BD0, a second end of the capacitor C_BD0 is
grounded, and the drain of the NMOS transistor M_BDO is
further connected to an input end of the phase inverter INV2;
a connection point of a gate of the NMOS transistor M_BD0
and a gate of the PMOS transistor M_BD1 is a first input end
of'the delay circuit 123 for bypassing; and an output end of the
phase inverter INV2 is an output end of the delay circuit 123
for bypassing.
The capacitor C_BD0 is an adjustable capacitor, and delay
time of the delay circuit 123 for bypassing may be adjusted by
adjusting a magnitude of the capacitor C_BDO.
In addition, a preamplifier may be connected in series
between the capacitor C_BD0 and the phase inverter INV2.
By using the analog to digital converter provided by this
embodiment of the present invention, when it is determined
that a metastable state occurs on a comparator at the N level,
the comparator at the N level is forced to output 1 or 0. When
the comparator at the N level outputs 1, all comparators at
levels following the N level are forced to output 0; and when
the comparator at the N level outputs 0, all comparators at
levels following the N level are forced to output 1, so that the
analog to digital converter outputs 1000 . . . or 0111 . . .,
starting from the comparator at the N? level, thereby ensuring
that the analog to digital converter can still operate normally
when a metastable state occurs on a comparator in the analog
to digital converter.
In the foregoing specific embodiment, the objectives, tech-
nical solutions, and benefits of the present invention are fur-
ther described in detail. It should be understood that the
foregoing descriptions are merely specific embodiments of
the present invention, but are not intended to limit the protec-
tion scope of the present invention. Any modification, equiva-
lent replacement, or improvement made without departing
from the spirit and principle of the present invention should
fall within the protection scope of the present invention.
What is claimed is:
1. An analog to digital converter, comprising:
comparing modules at multi levels,
wherein a comparing module at each level comprises a
comparator and a metastable state determining unit,

wherein the comparator is configured to, when a previous-
level comparing module is not in a metastable state,
receive a first clock, a first input signal, and a second
input signal, and compare the first input signal with the
second input signal,

wherein the metastable state determining unit is configured

to, when the previous-level comparing module is not in
the metastable state, receive the first clock, generate a
reference clock according to the first clock, and when a
second clock output by the comparator is later than the
reference clock, determine that the comparator is in the
metastable state, thereby determining that a current-
level comparing module is in the metastable state,
wherein the metastable state determining unit is further
configured to, when the previous-level comparing mod-
ule is in the metastable state, determine that the current-
level comparing module is in the metastable state,
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wherein the second clock is a clock obtained by delaying
the first clock, and delay time from the first clock to the
second clock is proportional to time of comparing, by
the comparator, the first input signal with the second
input signal,

wherein the comparator is further configured to output a

first electrical level when the previous-level comparing
module is not in the metastable state and the current-
level comparing module is in the metastable state, output
a second electrical level when the previous-level com-
paring module is in the metastable state and the current-
level comparing module is in the metastable state, and
output a comparison result of the first input signal and
the second input signal when the previous-level compar-
ing module is not in the metastable state and the current-
level comparing module is not in the metastable state,
and

wherein the first electrical level and the second electrical

level are mutually reverse electrical levels.

2. The analog to digital converter according to claim 1,
wherein the comparator comprises a comparing circuit, a first
multiplexer, a second multiplexer, and a third multiplexer,
wherein a first input end of the comparing circuit receives the
first input signal, a second input end of the comparing circuit
is used to receive the second input signal, a third input end of
the comparing circuit is connected to an output end of the first
multiplexer, a selection end of the first multiplexer is used to
receive a metastable state flag that is output by the previous-
level comparing module, a first input end of the first multi-
plexer is used to receive the first clock, and a second input end
of the first multiplexer is connected to a low electrical level,
wherein a first output end of the comparing circuit is con-
nected to a first input end of the second multiplexer, a selec-
tion end of the second multiplexer is used to receive a meta-
stable state flag that is output by the metastable state
determining unit, a second input end of the second multi-
plexer is connected to an output end of the third multiplexer,
an output end of the second multiplexer is used to output the
comparison result of the first input signal and the second input
signal, or the first electrical level, or the second electrical
level, a selection end of the third multiplexer is used to receive
the metastable state flag that is output by the previous-level
comparing module, a first input end of the third multiplexer is
connected to a high electrical level, and a second input end of
the third multiplexer is connected to the low electrical level,
wherein a second output end of the comparing circuit is used
to output the second clock wherein the metastable state deter-
mining unit comprises a reference clock generating circuit, a
D flip-flop, a first AND gate, a second AND gate, a third AND
gate, a first OR gate, and a second OR gate, wherein the
reference clock generating circuit is used to generate the
reference clock according to the first clock, wherein a first
input end of the reference clock generating circuit is con-
nected to an output end of the first AND gate, a first input end
of'the first AND gate is connected to the output end of the first
multiplexer, and a second input end of the first AND gate is
used to receive an enable signal of the reference clock gen-
erating circuit, wherein an output end of the reference clock
generating circuit is connected to a first input end of the first
OR gate, a second input end of the first OR gate is connected
to the second output end of the comparing circuit, a third input
end of the first OR gate is connected to an output end of the
second AND gate, a first input end of the second AND gate is
used to receive the first clock, and a second input end of the
second AND gate is used to receive the metastable state flag
that is output by the previous-level comparing module, and
wherein an output end of the first OR gate is connected to a
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clock input end of the D flip-flop, a signal input end of the D
flip-flop is connected to a second output end of the compara-
tor, an inverting output end of the D flip-flop is connected to
a first input end of the second OR gate, a second input end of
the second OR gate is used to receive the metastable state flag
that is output by the previous-level comparing module, an
output end of the second OR gate is connected to a first input
end of the third AND gate, a second input end of the third
AND gate is used to receive the enable signal of the reference
clock generating circuit, and an output end of the third AND
gate is used to output the metastable state flag that is output by
the current-level comparing module.

3. The analog to digital converter according to claim 2,
wherein the comparing circuit comprises a first N-metal-
oxide-semiconductor (NMOS) transistor, a second NMOS
transistor, a third NMOS transistor, a first P-metal-oxide-
semiconductor (PMOS) transistor, a second PMOS transistor,
afirst capacitor, a second capacitor,a NAND gate, a latch, and
a preamplifier, wherein a source of the first NMOS transistor
is connected to a power supply, a drain of the first NMOS
transistor is connected to a connection point of a source of the
second NMOS transistor and a source of the third NMOS
transistor, a drain of'the second NMOS transistor is connected
to a drain of the first PMOS transistor, a source of the first
PMOS transistor is grounded, the drain of the second NMOS
transistor is further connected to a first end of the first capaci-
tor, a second end of the first capacitor is grounded, a drain of
the third NMOS transistor is connected to a drain of the
second PMOS transistor, a source of the second PMOS tran-
sistor is grounded, the drain of the third NMOS transistor is
further connected to a first end of the second capacitor, a
second end of the second capacitor is grounded, the first end
of'the first capacitor is further connected to a first input end of
the preamplifier, the first end of the second capacitor is further
connected to a second input end of the preamplifier, a first
output end of the preamplifier is connected to a first input end
of the latch, a second output end of the preamplifier is con-
nected to a second input end of the latch, a first output end of
the latch is connected to a first input end of the NAND gate,
and a second output end of the latch is connected to a second
input end of the NAND gate, wherein a gate of the second
NMOS transistor is the first input end of the comparing cir-
cuit, wherein a gate of the third NMOS transistor is the second
input end of the comparing circuit, wherein a gate of the first
NMOS transistor, and a connection point of a gate of the first
PMOS transistor and a gate of the second PMOS transistor are
third input ends of the comparing circuit, wherein the first
output end or the second output end of the latch is the first
output end of the comparing circuit, and wherein an output
end of the NAND gate is the second output end of the com-
paring circuit.

4. The analog to digital converter according to claim 2,
wherein the reference clock generating circuit comprises an
N-metal-oxide-semiconductor (NMOS) transistor, a
P-metal-oxide-semiconductor (PMOS) transistor, a capaci-
tor, and a phase inverter, wherein a source of the NMOS
transistor is connected to a power supply, a drain of the
NMOS transistor is connected to a drain of the PMOS tran-
sistor, a source of the PMOS transistor is grounded, the drain
of the NMOS transistor is further connected to a first end of
the capacitor, a second end of the capacitor is grounded, and
the drain of the NMOS transistor is further connected to an
input end of the phase inverter, wherein a connection point of
a gate of the NMOS transistor and a gate of the PMOS
transistor is the first input end of the reference clock gener-
ating circuit, and wherein an output end of the phase inverter
is the output end of the reference clock generating circuit.
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5. The analog to digital converter according to claim 2,
wherein a second input end of the reference clock generating
circuit is used to receive the first input signal, and a third input
end of the reference clock generating circuit is used to receive
the second input signal, wherein the reference clock generat-
ing circuit comprises a first N-metal-oxide-semiconductor
NMOS transistor, a second NMOS transistor, a third NMOS
transistor, a P-metal-oxide-semiconductor (PMOS) transis-
tor, a capacitor, and a phase inverter, wherein a source of the
first NMOS transistor is connected to a power supply, a drain
of the first NMOS transistor is connected to a connection
point of a source of the second NMOS transistor and a source
of'the third NMOS transistor, a connection point of a drain of
the second NMOS transistor and a drain of the third NMOS
transistor is connected to a drain of the PMOS transistor, a
source of the PMOS transistor is grounded, the drain of the
PMOS transistor is further connected to a first end of the
capacitor, a second end of the capacitor is grounded, and the
drain of the PMOS transistor is further connected to an input
end of the phase inverter, wherein a connection point of a gate
of'the first NMOS transistor and a gate of the PMOS transistor
is the first input end of the reference clock generating circuit,
wherein a gate of the second NMOS transistor is the second
input end of the reference clock generating circuit, wherein a
gate of the third NMOS transistor is the third input end of the
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reference clock generating circuit, and wherein an output end
of the phase inverter is the output end of the reference clock
generating circuit.

6. The analog to digital converter according to claim 2,
wherein the metastable state determining unit further com-
prises a bypassing-delay circuit, wherein the bypassing-delay
circuit is connected in series between the output end of the
second AND gate and the third input end of the first OR gate.

7. The analog to digital converter according to claim 6,
wherein the bypassing-delay circuit comprises an N-metal-
oxide-semiconductor (NMOS) transistor, a P-metal-oxide-
semiconductor (PMOS) transistor, a capacitor, and a phase
inverter, wherein a source of the NMOS transistor is con-
nected to a power supply, a drain of the NMOS transistor is
connected to a drain of the PMOS transistor, a source of the
PMOS transistor is grounded, the drain of the NMOS tran-
sistor is further connected to a first end of the capacitor, a
second end of the capacitor is grounded, and the drain of the
NMOS transistor is further connected to an input end of the
phase inverter, wherein connection point of a gate of the
NMOS transistor and a gate of the PMOS transistor is a first
input end of the bypassing-delay circuit, and wherein an
output end of the phase inverter is an output end of the bypass-
ing-delay circuit.
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